An investigation of the environments and climatology of severe thunderstorms from 1999 through 2009 across the northeastern United States is presented. A total of 742 severe weather events producing over 12 000 reports were examined. Given the challenges that severe weather forecasting can present in the Northeast, this study is an effort to distinguish between the more prolific severe-weather-producing events and those that produce only isolated severe weather. The meteorological summer months (June-August) are found to coincide with the peak severe season. During this time, 850-500-and 700-500-hPa lapse rates, mixed layer convective inhibition (MLCIN), and downdraft convective available potential energy (DCAPE) are found to be statistically significant in discriminating events with a large number of reports from those producing fewer reports, based on observed soundings. Composite synoptic pattern analyses are also presented to spatially characterize the distribution of key meteorological variables associated with severe weather events of differing magnitudes. The presence of a midlevel trough and particular characteristics of its tilt, along with an accompanying zone of enhanced flow, are found in association with the higher-report severe weather events, along with cooler midlevel temperatures overlaying warmer low-level temperatures (i.e., contributing to the steeper lapse rates). During the meteorological fall and winter months (September-February), large-scale ascent is often bolstered by the presence of a coupled upperlevel jet structure.
Introduction and background
Forecasting deep, moist convection in the northeastern United States presents a unique challenge, as convective initiation, storm coverage, and expected severity of thunderstorms have numerous societal, financial, and workload impacts in one of the most densely populated areas of the country encompassing Pennsylvania, New Jersey, New York, Connecticut, Rhode Island, Massachusetts, Vermont, New Hampshire, and Maine ( Fig. 1) . A varied landscape that offers a number of lakes and mountains, as well as ocean access, leads to a propensity for outdoor activity, coinciding with the peak severe season in June-August. Large cities are especially vulnerable to thunderstorms, which can threaten millions of people in a relatively small geographical area, cripple public transportation, and lead to widespread power outages. Effects on aviation can be high impact as well, with flight delays and reroutes often necessary, leading to disruptions in air travel as major airports are affected (Evans et al. 2004) . Therefore, accurately depicting the threat is important from an operational forecasting standpoint impacting proper preparations for impending thunderstorms.
Other studies have yielded in-depth investigations of the nature of convection, including severe convection across the northeastern United States (e.g., Lombardo and Colle 2010; Lombardo and Colle 2011; Murray and Colle 2011) . Both Lombardo and Colle (2010) and Lombardo and Colle (2011) set out to identify characteristics unique to northeastern United States convection. Lombardo and Colle (2010) considered measures of buoyancy, depictions of synoptic and mesoscale forcing, and the spatiotemporal distribution of convective initiation among a variety of convective modes and organizational-morphological traits for convection. Murray and Colle (2011) used a similar approach to develop a climatology of northeastern United States convection. Likewise, Lombardo and Colle (2011) compared these similar characteristics for severe thunderstorms, including a focus on specific severe storm hazards emanating from the various convective modes.
Additionally, previous research has shown that local effects influence storm development and severity (e.g., Bosart et al. 2004; LaPenta et al. 2005; Lericos et al. 2007; Riley and Bosart 1987; Wasula et al. 2002) , such as marine (lake and ocean) and terrain variations, and the orientation of favored river valleys. These various surface features may provide locally modified low-level winds and associated bolstering of low-level shear (Bosart et al. 2004) , in addition to sources of enhanced surface convergence and upward motion, such as sea-or lakebreeze boundaries, and upslope flow. Despite the mesoscale influences of inhomogeneous surface conditions across the northeast United States, we focus attention on the larger-scale upper-air patterns and statistical analysis of derived parameters therein as indicators of a potential severe weather event.
Furthermore, a higher number of severe reports are collocated with the greater population densities of Pittsburgh and Philadelphia, Pennsylvania; New York City, New York; and surrounding coastal areas of New Jersey; Long Island, New York; and New England (Fig. 2) (Doswell et al. 2005) . However, for the purposes of this study, all severe thunderstorm reports are treated independently from variations in population. Although it is understood that a greater number of reports was likely recorded near the more populated corridors, no attempt was made to normalize these reports (Anderson et al. 2007) .
As the aforementioned studies focus only on the warm season, we attempt to expand the climatological analysis of northeastern United States to encompass severe thunderstorm environments throughout all seasons. In this endeavor, we try to expand this investigation over a broad range of large-scale patterns, as well as a relatively larger suite of variables derived from observed soundings. Furthermore, we test these variables for statistical significance in distinguishing between various severe report quantities.
Data and methodology
The objective of this study is to stratify the synoptic regimes and related thermodynamic and kinematic environments that most commonly favor severe thunderstorm events resulting in large numbers of reports, and to compare these characteristics with those associated with a small number of reports. National Weather Service definitions for severe weather [i.e., thunderstorms producing hail of at least 2.54 cm (1 in.) in diameter, winds of at least 25. used in order to develop a severe weather climatology that can be effectively applied to convective forecasting. Hail sizes of less than 2.54 cm (1 in.) in diameter were excluded from the analysis in accordance with the latest National Weather Service severe thunderstorm criteria (as of 5 January 2010) in order to assess environments and patterns that can be applied to convective forecasts, despite the criterion of 1.9 cm (0.75 inch) that was valid during the study period. Significant thunderstorm events were also cataloged [i.e., hail $ 5.08 cm (2 in.) in diameter, thunderstorm wind gusts $ 33.4 m s 21 (65 kt, 1 kt 5 0.51 m s 21 ), or tornadoes that produced damage rated as at least category 2 on the Fujita-enhanced Fujita scales ($F2-EF2), after Hales (1988) ]. During the study period, a maximum of 247 reports were recorded in a single convective day, while a minimum of 1 report was frequently recorded. Storm Prediction Center (SPC) storm report data for the period from 1999 through 2009 were examined. Preliminary reports are utilized within the Storm Prediction Center to provide instant verification for convective outlooks. As such, the authors had a particular interest in the preliminary dataset in order to apply the results of the study to forecasting an appropriate outlook category. For the first half of 1999 where preliminary data were unavailable, National Climatic Data Center (NCDC) data were used to supplement the dataset.
For this study, an event was defined as any 24-h period beginning at 1200 UTC in which at least one severe weather report was documented in Pennsylvania, New Jersey, New York, Connecticut, Rhode Island, Massachusetts, Vermont, New Hampshire, and/or Maine. These events were further subdivided into several arbitrary subsets: 10 reports or fewer, 11-50 reports, 51-100 reports, .100 reports, significant wind, and significant hail based on potential workload considerations for forecasters, media, emergency managers, and others affected by the storms (Fig. 3) . By removing 0.75-in. hail reports, 40 cases that contained less than five reports per event were deleted from the original dataset, with a subsequent shift in report distributions. Although only a minor affect was noted for the 1-10-and 11-50-report subsets, the total number of reports was primarily reduced in the higher-report datasets, resulting in 22 and 6 fewer events, respectively. While these changes are not insignificant, the authors believe that removing the 0.75-in. hail reports allowed a focus on truly damaging weather events. Furthermore, error may also exist in the were chosen to minimize the elapsed time between report times and possible sounding times; that is, reports occurring between 0600 and 1800 UTC warranted 1200 UTC soundings, while reports occurring between 1800 and 0600 UTC involved 0000 UTC soundings ( Table 1 ). Soundings that were deemed to be postfrontal or otherwise unrepresentative due to convective contamination or radiosonde error were rejected from the analysis. Higher-report days tended to affect a broader area; so on average more soundings were used in these cases (Table 1) . Using a National Centers for Environmental Prediction (NCEP) Advanced Weather Interactive Processing System (AWIPS) distance-tracking tool, the distance between the observation site and the farthest reports was measured. The sparseness of the upper-air observations was especially notable across 
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central New York, central and western Pennsylvania, and New Jersey, where, given a west-east-progressing system, there can be up to a 600-km gap between upperair sites. Nonetheless, soundings were located no more than 250 km (155 mi) from the edges of the report distribution. Although such broad distances can introduce error, especially in the representation of the near-storm environment, we believe that meaningful results can be gleaned from the work, particularly with the large summer dataset. Additionally, using the North American Regional Analysis (NARR) data at 32-km grid spacing (Mesinger et al. 2006) , composite patterns were derived for each report class and for significant severe events based on meteorological seasons. Composite images were created using the same time selections as the upper-air soundings, allowing forecasters to visualize the patterns associated with the observed parameter data.
Results

a. Climatology of events
1) ANNUAL AND MONTHLY FREQUENCY
During the study period, summer (defined as JuneAugust) was found to be the most active season (Figs. 4 and 5), with 498 of 742 (67%) total events occurring in these 3 months. Spring (defined as March-May) is the second-most active season, though with far fewer severe weather days than summer (144 events, or 19% of the total). Fall (defined as September-November) accounted for 75 events (10%), while winter (defined as December-February) comprised only 3% of the dataset (25 events).
The 14 events with greater than 100 reports (not including hail with size ,1 in.) are listed in Table 2 Table 2 , these years were comprised of a few large events, with 387 of these reports occurring over two separate events in 2008, and 441 of these reports occurring in three events for 2007. The year 2006 was the third highest in terms of reports, with the most active winter compared to any other year. Of the total events, a majority (444 of 742, or 60%), had 10 or fewer reports (Fig. 3) . Despite a large dataset of 742 events, only 14 events (2%) from the dataset contained .100 reports (Fig. 3) , highlighting the rarity of larger-report events, while the remaining 298 (38%) events recorded between 11 and 100 reports.
2) DIURNAL DISTRIBUTION
The peak beginning and end times for the severe weather reports coincide with the diurnal heating cycle, which suggests a large role of insolation in thunderstorm initiation and maintenance. The peak time of the first report is 1900 UTC, with 59% of all first reports occurring between 1500 and 2100 UTC (Fig. 6) . Additionally, 18% of first reports are made in the early evening between 2100 and 0000 UTC. First reports infrequently occur in the overnight hours, particularly between 0600 and 1200 UTC when only 4% of first reports occur.
Meanwhile, 58% of last reports are recorded between 2100 and 0300 UTC, with a peak time of last report at 0000 UTC (Fig. 7) . The 1500-1700 UTC period is the least likely time for a last report to be made, accounting for 2% of the total.
3) SEVERE THUNDERSTORM REPORTS BY TYPE
Severe convective wind is, by far, the predominant severe weather threat for the Northeast (Fig. 4) , with 10 161 reports (84%) spanning the 11-yr study period. Hail is the second-most common threat, with 1732 reports (14%) recorded. Fifty-four out of 742 total events had hail reports that exceeded the total number of wind reports for the corresponding events, or in other words, 7% of the events had a more frequent occurrence of hail than wind. Thus, 93% of events featured predominately wind reports, and damaging wind should be considered the most common severe weather threat in the northeast United States.
Accounting for the past criteria of $1.9-cm (0.75 in.) hail being considered severe, 2681 reports of 1.9-cm (0.75 in.) hail were made, for a total of 4413 severe hail reports. Even considering this former criterion, only 30% of the database is composed of severe hail reports, once again confirming that damaging wind is the primary severe weather threat across the Northeast.
Tornadoes primarily occurred from May through September, though they rarely occurred in cooler seasons. A total of 190 tornado reports (2%) were collected in the 11-yr study period, with 47 tornado reports having occurred during spring, 115 in summer, 22 in fall, and 6 in winter.
Significant tornadoes occurred infrequently, with one to four F2-EF2s per year with the exception of 2005 when none were recorded. An F3 rating was only recorded in 2003 and 2004, with no higher rating occurring during the study period. However, a sample size of 11 yr is relatively limited for recording more significant events (Weiss et al. 2002) . For example, several well-known F3-EF3 tornadoes occurred just prior to and after the study period, including the Mechanicville, New York, F3 event on 31 May 1998 (LaPenta et al. 2005 ) and more recently an EF3 storm on 1 June 2011 in Springfield, Massachusetts (Banacos et al. 2012 ). Although they occur at a lesser frequency, violent tornadoes have also been recorded outside the study period, including the well-documented Worcester, Massachusetts, tornado on 9 June 1953, an F4 tornado at Windsor Locks, Connecticut, on 3 October 1979 (Riley and Bosart 1987) , and an F5 tornado that struck northwest Pennsylvania in 1985 (Farrell and Carlson 1989) .
Interestingly, although severe convective wind is the predominant threat, a greater number of significant hail reports (67) were recorded compared to significant wind incidents (33). It is possible that significant wind occurred more frequently than either anemometer or spotter-estimated reports, with several local storm report annotations being indicative of damage caused by wind speed magnitudes of at least 33.4 m s 21 (65 kt) (Smith et al. 2010) . Other studies have also found significant events to be grossly underestimated with regard to the report density and intensity in Storm Data, while relatively less-damaging events were often represented by a larger number of reports (Trapp et al. 2006 ). Trapp (2006) also suggested that further solicitation of reports may not occur once a storm warning has been verified, which in turn would affect the Storm Data report representation for any given event. Although speculative but perhaps warranting further investigation, other nonmeteorological factors may also contribute to the comparative number of significant events, such as the availability of anemometers and the relative difficulty of estimating wind speeds, whereas hail may be readily measured or compared to an object of similar size.
b. Statistical analysis
1) METHODOLOGY
The parameters are grouped into various categories to stratify the dataset subjectively based on impact considerations and event magnitudes. Event categories include the following (herein referred to by parenthetical notation following the category description): 1-10 reports (1-10), 11-50 reports (11-50), 51-100 reports (51-100), at least 101 reports (1011) SIGWIND], and at least one significant hail report [hail of at least 5.08-cm (2 in.) diameter; SIGHAIL]. The dataset is further stratified seasonally, owing to the interannual variability in the relative magnitudes of parameters that support severe weather events. Table 1 provides the number of proximity soundings included within these categories. These counts do not necessarily represent the number of events during a given season, as some events are represented by more than one sounding (e.g., the three proximity soundings for the fall SIGWIND category are all associated with the same 23 September 2003 event). Additionally, a wide variety of sample sizes exists seasonally, leading to a substantial meteorological summer dataset, but a markedly smaller sample size among other the seasons. For example, during the winter, individual samples were relatively small, such that SIGWIND and 1011 were combined into a single category. While this approach leads to the greater representation of some events relative to other events, it allows us to maximize the degree of sampling of each environment supporting the severe storms.
Before additional analysis is presented, we note that the prognostic utility of any individual parameter is limited, as discussed in Doswell and Schultz (2006) . Such parameters represent measurements of the near-storm environment for northeast U.S. severe storms and, thus, provide diagnostic guidance. Holistic analysis of the temporal and spatial variations in the evolution of the 9 . Box-and-whiskers plots for summer 850-500-hPa lapse rate. The ends of the solid boxes represent the 25th and 75th percentiles of the distribution with the ends of the whiskers representing the 10th and 90th percentiles of the distribution and asterisks depicting distribution medians. Sample sizes (corresponding to the number of sounding observations considered) are listed beside event categories along the abscissa.
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atmosphere is needed to create a more accurate forecast.
To quantify the differences among the meteorological parameters in the various classes of event magnitudes, we employed a two-tailed Student's t test assuming unequal variances (Wilks 2006) . In doing so, variables were analyzed within their various event magnitude classes and were paired between differing classes. Upon pairing, a P value was determined, that quantifies the ability of a parameter to distinguish between various event magnitudes.
2) RESULTS
Among the vast array of parameters considered, and the multitude of pairings investigated, very few pairings yield both 1) statistical significance and 2) conceptual meaning for operational purposes. It would be highly unwieldy and without physical meaning to provide every possible combination across all categories and seasons. Thus, only selected pairings are presented. Figure 8 summarizes several parameters that discriminate between pairings of event magnitudes at a P-value threshold of 0.05, and is used as the basis for further discussion of pairings during the summer. Among these, the 850-500-and 700-500-hPa lapse rates (related to 500-hPa temperatures) appear to discriminate well between the 1011-report class and other events (Tables 3  and 4 and Figs. 9 and 10). Steeper midlevel lapse rates can be associated with the enhanced potential for stronger convection, should initiation occur.
There is also a notable signal for stronger MLCIN to be present for the 1011 category compared to the lowerend events during the summer, as illustrated in Table 5 . The convective inhibition acts to delay convective initiation until large-scale ascent, as discussed in the pattern analysis section, while surface heating and orographic influences assist in the eventual convective development and vigor. However, it should be noted that the stronger MLCIN for the 1011-category events may merely reflect the stable nocturnal boundary layer, with the majority of these events having been represented by 1200 UTC soundings (Table 1) . In rare instances, the stronger MLCIN may indicate the presence of an elevated mixed layer (EML) if the parcels originate within the mixing layer of a hot and dry desert region. Substantial events have been noted in association with an EML being advected across the Northeast (Farrell and Carlson 1989; Johns and Dorr 1996; Banacos and Ekster 2010) and can be an important distinction when examining the source of the convective inhibition. Evidence of an EML could be investigated through inspection of FIG. 10 . As in Fig. 9 , but for the 700-500-hPa lapse rate. (Gilmore and Wicker 1998 ) is found to be a valuable parameter in distinguishing between the 1011-report class and other report classes (Table 6 and Fig. 11 ). DCAPE involves comparisons between the temperature profile of a theoretical air parcel descending while following the trace of a saturated adiabat with the low-level environmental temperature profile. It shows skill in predicting the numbers of reports, perhaps as a result of its direct quantification of downward buoyancy given a downdraft and its relationship to downdraft strength. The lack of statistically significant pairings during other seasons precludes additional discussion for non-summer periods.
Various measures of CAPE (e.g., mixed-layer CAPE or most unstable CAPE) and vertical wind shear describe storm intensity and the severe weather threat (e.g., Brooks and Craven 2002; Johns and Doswell 1992) . However, these variables, as well as many other variables, are not found to distinguish between the various classes of report quantities (e.g., Figs. 12 and 13). Despite not being statistically significant, it should be noted that MLCAPE experiences a general rise in magnitude with increasing event magnitude for summer events, with the greatest separation between events featuring at least 1011 reports and those producing fewer reports. However, report quantities are likely more intimately related to other factors, such as the size of the warm sector and the spatial distribution of the parameters rather than the individual magnitudes of the parameters measured from specific soundings. The broad area over which proximity sounding parameters were calculated may also limit statistical significance. Furthermore, the proximity soundings did not typically sample the environments at the peaks of the severe weather episodes. As a result, variables relatively more influenced by boundary layer heating did not represent the inflow actually supporting the severe storms. The lack of statistical significance is even more marked outside of the summer (Fig. 8) , when sample sizes within various event classes are smaller. As such, the following discussion presents spatial patterns and geometries to be considered in tandem with the observed radiosonde data, thus providing additional representation of convective weather environments across the Northeast.
c. Pattern analysis
In this section, composite images created using NARR data corresponding to the selected sounding Fig. 9 , but for DCAPE.
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times are discussed. Given the operational and statistical significance of low-to midlevel lapse rates in distinguishing between event report magnitudes, the present section is primarily focused on 500-and 850-hPa mass, momentum, and thermodynamic fields, with a more peripheral discussion on other notable pattern differences.
1) SUMMER (JUNE-AUGUST)
Similar 500-hPa patterns are evident between the subsets, with a ridge centered on the Southwest dominating much of the interior western and central states, while an eastern trough is centered on Hudson Bay (Fig. 14) . Consistent with these results, Banacos and FIG. 12 . As in Fig. 9 , but for MLCAPE. Fig. 9 , but for the 0-6-km bulk shear. 14 Ekster (2010) have found that, specifically in northeastern United States cases where an EML enhances convection, a negative midlevel height anomaly is located over the northern Great Lakes. However, differences arise with the tilt, with a deeper and more negatively tilted trough apparent in the significant hail and .100 reports composites (Figs. 14a,c) . In the presence of negatively tilted troughs, midlatitude wave amplification (e.g., Bluestein 1993) supports enhanced convective activity (Glickman et al. 1977) . The higher-report events likely, in part, reflect the positioning of the mid-to upper trough such that convective initiation and vigor is favored over more populated coastal and metropolitan areas. Meanwhile, the significant wind event composite illustrates a tight 500-hPa height gradient and associated strong westerly flow (Fig. 14b) . 
FIG. 13. As in
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However, it is important to note that individual radiosonde observations over the United States may not fully sample the kinematic characteristics of the jetenhancing convection if the jet resides north of the international border, which is common during the summer owing to the northward migration of the jet (Fig. 14) . As such, a holistic, regional-scale analysis is encouraged in assessing severe weather potential.
The position of the mid-and upper-level jet maximum does appear to be operationally meaningful (Fig. 14) , as the right-entrance region and curvature downstream of the trough enhance upward motion via upper-level divergence (Keyser and Shapiro 1986 ). Conversely, upper-level convergence is present within the rightexit region of the jet, though the associated augmentation of 0-3-km SRH, its collocation with surface convergence, and the warm sector can compensate, making severe weather reports common in the rightexit as well as the right-entrance regions (Clark et al. 2009 ). Furthermore, the zone of enhanced mid-and upperlevel flow is collocated with stronger lower-tropospheric winds (Figs. 15a-c) . These lower-tropospheric winds, in turn, promote differential thermal and moisture advection, yielding increased convective instability (e.g., Uccellini and Johnson 1979) .
Not surprisingly, the mid-and upper-level trough is progressively more neutrally to positively tilted and less amplified for the lower-report subsets (Figs. 14d-f ), compared to the slight negative tilt of the greater-report events. Weaker speeds attendant to the low-level jet are evident for the lower-report cases (Figs. 15d-f) . The position of the mid-and upper-level jet is also found to be displaced downstream of that for the more prolific report days (Figs. 14d-f) .
The 850-hPa analysis for the more prolific report events shows a thermal ridge extending northward along the coast into southern New England, which was also noted by Johns and Dorr (1996) , and may be associated with enhanced convective inhibition (Figs. 15a-c) . However, an appreciable difference is noted at 850 hPa in the less-than-10-report subset (Fig. 15f) , with no apparent thermal ridge, suggesting weaker low-to-midlevel lapse rates.
Finally, composite surface data for the .100-report subset reflect a low over west-central Quebec, with a prefrontal, Appalachians lee trough extending into the mid-Atlantic, and the primary surface front extending into southern Ontario southwestward into the midMississippi River valley (Fig. 16) .
2) SPRING (MARCH-MAY)
Similar to the significant severe and more prolific report events of the summer, an amplified, negatively tilted trough centered on Hudson Bay and favorably placed mid-to upper-level jets approaching the region appear to be supportive of convective development and sustenance (Figs. 17a-c) . With the significant hail cases, a 2188C isotherm reaching the Canadian-United States border overlaying warmer than climatologically normal low-level temperatures offers further support that lapse rates are important to significant hail formation in combination with favorable kinematics (Figs. 17a and 18a ). For significant wind events, deep-layer, predominantly westerly flow is once again evident (Figs. 17b and 18b) . A very limited dataset exists for events with greater than 100 reports, with the only case being 31 May 2002. However, the synoptic pattern for this particular event was quite similar to the prolific report events of the summer. Although the upper trough is rather amplified for the 51-100-report subset, it is displaced farther westward into the Midwest, lending further credence that the positioning of the trough relative to greater population may play a role in the final report count (Fig. 17c) . Also similar to the summer groupings, the mid-and upperlevel trough is progressively more neutrally to positively tilted and less amplified for the lower-report subsets (Figs. 17d,e) . Low levels with the 51 or more reports and significant subsets are characterized by a thermal ridge along the coastal states (Figs. 18a-c) . The low-level winds are also comparatively weaker for the lower report subsets (Figs. 18d,e) .
3) FALL (SEPTEMBER-NOVEMBER)
Only one case of significant wind occurred in the fall, on 9 September 2003, so extreme caution should be used in assuming that the pattern data are representative of significant wind events. However, this particular event was portrayed as an uncharacteristically strong negatively tilted trough rotating into the eastern Great Lakes region (not shown). Reports were primarily clustered along coastal regions across New Jersey and New York.
A similar mid-and upper-level jet structure exists between the 11-50-report subset and the fewer-than-10 subset with a jet noted from the mid-Mississippi River valley into western portions of the Northeast, and a secondary jet exiting into the Gulf of St. Lawrence (not shown). A slightly negatively tilted to neutral upper trough extends from the Hudson Bay through the Great Lakes region for the higher-report dataset, while a much broader trough is evident over central Canada into the central Great Lakes for the fewer-than-10-report subset.
In the low levels, the attendant jet winds are stronger for the 11-50-report subset (Fig. 19 ) compared to the fewerthan-10-report dataset (not shown). At 850 hPa, the fewer-than-10-report subset features a weak thermal gradient northward along the Atlantic coast, with the 108-128C isotherm impinging on western portions of the Northeast, whereas the 68C isotherm resides across the same region in the 11-50 subset (Fig. 19) . A 128-158C isotherm extends northward through the upper mid-Atlantic coast into southern New England for both subsets (Fig. 19 ).
4) WINTER (DECEMBER-FEBRUARY)
While it may be inferred that vertical shear generally is too strong to support sustained updrafts, the limited winter datasets reflect that favorable mid-and upperlevel jet dynamics contribute to upward motion and the development of severe storms, despite limited instability. Similar patterns exist between the subsets, with an exiting jet in northern New England into New Brunswick, the Gulf of St. Lawrence, far eastern Quebec, Newfoundland, and Labrador (Fig. 20) . A separate midto upper-level jet is approaching the Northeast, with the exact placement of the jet varied between the datasets. Nonetheless, a double-jet feature, with the favored leftexit region of the approaching jet and the right-entrance region of the exiting jet, appears to contribute to vertical motion across the region with all three subsets. One notable difference between the higher-end events, including the one that produced over 100 reports and the significant wind event, is that the 850-hPa temperatures appear to be much warmer than the climatological normal in advance of the front (Fig. 21) . Thus, the antecedent air mass is an important predictor as to whether widespread damaging winds can develop as convection increases. Anomalously warm/moist low levels should be noted as being operationally meaningful when forecasting severe potential in the winter.
Conclusions
Relationships between the lower-and upper-air patterns and the magnitude of severe thunderstorm reports Given the high economic and social impacts of these events, it is of value to investigate these relationships to enhance forecaster awareness of the synoptic-scale patterns and the observed sounding data associated with them. In addition to event magnitude stratification, the data were further separated by season, which reveal seasonal variations between the strength of forcing for deep, moist convection. Following the examination of a large sample of observed radiosonde data, a few parameters were highlighted as having exhibited statistical significance in 20 discriminating between the various classes of report magnitude. While many parameters offer little discriminatory power among the various classes, the presence of relatively cool midlevel temperatures overlaying warm low-level air (i.e., steep low-to midlevel lapse rates), MLCIN and DCAPE appear to provide some separation between the most substantial report categories (1011) and other categories during the summer.
Composite patterns constructed using NARR data provide spatial analyses on basic mass, momentum, and thermodynamic fields, which can aid in pattern recognition for prognostic and diagnostic purposes. Among other findings, greater amplification to the midlevel pattern is noted in the higher-end events, with stronger mid-and upper-level flow noted within a jet that offers enhanced forcing for vertical motion. This vertical motion was particularly noteworthy during the winter, when a double-structured jet was evident. The tilt of a nearby midlevel trough appears to exhibit some utility in identifying patterns more supportive of greater-reportproducing convection. At the surface, the pattern typically reveals a prefrontal trough, or a similar feature east of the Appalachians, with a cold front associated with the midlevel trough.
Spatial patterns and geometries presented in this paper can be considered in tandem with the observed radiosonde data to provide a more quantitative estimate of the convective threat across the Northeast. Future work may investigate the relationship between these findings and local topographic variations, an endeavor for which high-resolution, mesoscale modeling may play a useful role.
